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1. BACKGROUND

Historically, the analytical community has used constructive models such as
Janus and the Combined Arms and Support Task Force Evaluation Model
(CASTFOREM) to conduct analysis for the acquisition process. These types of models
do not fully represent the impacts of human interaction with the system and the
human influence on combat effectiveness of the system. The Training and the
Research and Development communities have used real time man-in-the-loop
Distributed Interactive Simulation (DIS) for several years. However, the full potential
of DIS as an evaluation tool to support materiel acquisition decisions has not been
realized.

The purpose of the Anti-armor Advanced Technology Demonstration (A2 ATD)
is to develop and demonstrate a verified, validated, and accredited (VV&A) DIS
capability to support anti-armor weapon system virtual prototyping, concept
formulation, requirements definition, effectiveness evaluation, and mission area
analysis on a combined arms battlefield at the battalion task force or brigade level.

The Battlefield Distributed Simulation - Developmental (BDS-D) simulation’s
synthetic environment represents the current state-of-the art in DIS. Upgrades to the
environment, simulators, data analysis tools, and verification, validation, and
accreditation are required to make BDS-D simulation a viable tool for supporting
acquisition decisions. The BDS-D Advanced Technology Demonstration (ATD) is
upgrading the environment and has taken the first step in verification, validation, and
accreditation of the modular semi-automated forces, which simulates the computer
generated forces. In addition, simulators being developed will have next generation
hardware and also require verification, validation, and accreditation.

The A2 ATD technical objectives are:
1.) Demonstrate DIS as an evaluation tool and verify, validate, and
accredit simulators used in the A2 ATD experiments, modular semi-automated forces

(MODSAF), and the BDS-D simulation.

2.) Develop, demonstrate, and document analytical tools (techniques)
to evaluate the causes of simulation outcomes.

3.) Demonstrate the linkage of constructive models (Janus and Eagle)
to DIS.
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4.) Demonstrate upgraded virtual prototypes (M1A2 Abrams,
M2A3/M3A3 Bradley, Line of Sight Anti-Tank (LOSAT), Non-Line of Sight (NLOS)) and
virtual prototypes to be developed (Comanche, Apache, Armored Gun System (AGS),
Javelin).

Simulator and semi-automated forces verification, validation, and accreditation
and development of analytical tools to support the evaluation of causes of simulation
outcomes were initiated in FY93 to provide the foundation for six experiments in
FY94, FY95 and FY96. The first FY94 experiment replicated two M1A2 Initial
Operational Test and Evaluation (IOTE) vignettes to validate the BDS-D virtual
simulation for the M1A2 based upon simulations of the real tanks at Ft. Hood (IOTE).
Experiments 2, 3, and 5 evaluate heavy force anti-armor modernization and validate
the MODSAF representations of the M1A2, M2A3/M3A3, LOSAT, NLOS, Comanche,
Apache and M1A2 firing Smart Target Acquisition Fire and Forget (STAFF) in High
Resolution Scenario 29 in Southwest Asia. Experiment 4 demonstrates Janus linked
to BDS-D and evaluates Janus as an alternative to the Modular Semi-automated Force
(MODSAF). Experiment 6 evaluates light force anti-armor modernization and validates
MODSAF representations of Javelin, LOSAT, NLOS, Comanche and Apache.
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2. VERIFICATION, VALIDATION AND ACCREDITATION OF MODELS,
SIMULATORS AND SIMULATIONS

VV&A is required for models, simulators and simulations (MS and S) that are
used to support ASARC/DAB programs. Figure 1 shows an overview of the VV&A

process.

Verification: is the process of determining that the MS or S accurately
represents the developer’s conceptual description and specifications.

Validation: is the process of determining the extent that the MS or S
represents the intended real world entity.

Accreditation: is an official certification that the MS or S has achieved
an established level of credibility such that it can be used for a specific

application.
SIMPLIFIED ACCREDITATION PROCESS *
YERIFICATION YALIDATION ACCREDITATION
vEs vES
DOES THE MODEL DOES THE MODEL CAN THIS MODEL | YES
| FuncTiON AS QGIVE A FAIR — | “BE APPROVED |~
INTENDED ? REPRESENTATION OF FOR USE 7
REALITY ?
NO NO NO

v

@ | CAN THIS MODEL
BE FIXED ?
NO USE
THE MODEL) ¢
NEW
MODEL /¥

<

YES

¢ ADAPTED PROM MG MARRISON'S ADDRESS AT SIMVAL

Figure 1 Simplified VV&A Process
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The Battlefield Distributed Simulation - Developmental (BDS-D) is a simulation
consisting of a combination of one or more simulators, modular semi-automated forces
(MODSAF) and/or live systems. Each combination of simulators, MODSAF and live
systems represents a unique simulation that requires Verification, Validation and
Accreditation (VV&A). BDS-D VV&A requires VV&A of:

1.) individual simulators,
2.) MODSAF, and

3.) the BDS-D simulation.

The Anti-armor Advanced Technology Demonstration (A2 ATD) is focusing on
the class of BDS-D applications that support A2 weapon systems evaluation. In
support of the A2 ATD program, methodologies and tools have been designed and
developed to assist in the VV&A process of individual simulators, MODSAF and the
entire BDS-D simulation. In FY94 these methods and tools have also been
demonstrated during VV&A of the M1A2 simulator, MODSAF version 1.2.3 and the
A2 ATD Experiment 1. Experiment 1 was a BDS-D simulation using M1A2 simulators
and MODSAF to replicate the M1A2 Operational Test at Ft. Hood.

The VV&A tools for the M1A2 simulator transfer well to other weapon
systems/simulators. For example, nearly all weapon systems/simulators require a
gunner to detect, recognize and identify targets; therefore, the M1A2 simulator VV&A
methodology and tools developed to capture target acquisition capabilities are
transferable.
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3. PURPOSE

The purpose of this document is to outline and describe the VV&A tools
developed for an individual simulator.

4. SIMULATOR VV&A TOOLS

The A2 ATD program requires VV&A of individual simulators. Since the
purpose of A2 ATD centers on weapon systems evaluations, then the VV&A tools are
also geared toward that end. Four of the VV&A tools were designed and developed
under A2 ATD and the fifth tool, the Simulation Manger (SIMAN) was developed by
STRICOM in order to control BDS-D simulations. However, A2 ATD used the SIMAN
to assist in the VV&A. The five tools are:

1.) VV&A Test Tool (VVATT), for target acquisition experiments,

2.) VV&A Protocol Data Units (PDUs),

3.) Delivery Accuracy Logger Files,

4.) DIS Analytical Tools (DISAT), and

5.) Simulation Manager (SIMAN)

The following sections describe each one of these tools.
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4.1 VV&A Test Tool (VVATT)

A2 ATD developed the VVATT to assist in the conduct and analysis of target
acquisition tests for the M1A2 simulator. Two types of stationary target acquisition

tests are supported:

1.) One tests the acquisition capability in the Instantaneous Field of
View (IFOV), and

2.) the other tests the acquisition capability in a Field of Regard (FOR),
i.e. search.

Tests are conducted at various ranges through each sensor (e.g. DVO, FLIR, etc.)
coupled with a field of view type (e.g. narrow, wide, zoom, etc.). Figures 2 through
7 and Appendix A contain a sample of some of the VVATT menus and reports.

Prior to conducting a target acquisition test, the test conditions must be
created. Figures 2 and 3 show the VVATT’s Create Observer (i.e. simulator) and
Create Target menus, respectively. The data entered into these menus can be
obtained by first determining observer and target positions from MODSAF. A number
of observer-target pairs are entered into the VVATT. Additionally, the test design
involves range bands. Figure 4 shows an example of range band break-outs. This
data is used by the VVATT to verify that the observer-target pairs are within the test
range bands. For a FOR test, boards to mark the left and right boundaries for the field
of regard/search are also entered on another menu screen. After the target acquisition
test cases are input to the VVATT, then the test may be conducted.

The VVATT, in conjunction with the simulator, is used to execute a target
acquisition test. Figure 5 shows the first VVATT menu. Here the observer’s/soldier’s
personnel information is entered. When "Go" is depressed, the sequence of observer-
target pairs will be executed and the acquisition data menu appears on the VVATT.
The simulator is positioned at a particular location on the virtual battlefield and the
target appears at a predefined location. In an IFOV test, the soldier looks through the
sight and attempts to acquire the target at the highest level of acquisition that he can
discern. Acquisition levels in ascending order are: no target, detection, recognition -
target class, and identification - target nomenclature. The acquisition data menu,
Figure 6, contains the choices of soldier acquisition responses. Furthermore, the
soldier will also state which partitioned segment of the sight, Figure 7, the target
appears in. In the FOR test, the soldier searches for a target in an area delineated by
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East’no 608017 meters

Northing [ 3458050 meters
Location Z [ 269 meters
Heading W degrees
Tumet Heading (2346  degrees
Bumper ID  [01234567890

— | Create Observer
— Create Observer
Observer #1 of 20
Eniy 0 [ FOV e [NFOV V|
Entty Wpe [maz V] Sensor [pvo V|
UMZone [4

GCC X: -746906.928
GCC Y: -5408307.144
GCC Z: 3290077.019

Figure 2 Create Observer Menu
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Location Z |2ooo meters
Heading |196.000 degrees

Pitch [2.346 degrees
Rol  [0.000 degrees

Bumper 1D | 11234567890

Exposure Il-lull Defilade _'J

3 Rt |8

— | Create Target
— Create Target
Target #1 of 20
Entity ID |12
Entity T'oe  [gyp2 !J
UT™M Zone I14
GCC X: -747109.438
Easting | 608017 meters GCC Y. -6407778.022
GCC Z: 3290975.102
Northing |3458000 meters GCC Range: 1731.000

Range Band: SHORT

e}

| Dup Prev ||Dup0tasetvl

Figure 3 Create Target Menu
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— | Document Title - Range Band Configuration

RANGE BANDS For ACQ Trals
MIN MAX
SHORT: | 1600 1800

MEDIUM: [0 T
L -
e e

| Detauit I
—— Validity Check Stalus e
' Range Check OK | Cancel I

Save/Retrieve Configuration
File: [../Datafiles/ran1.cfg

\Save ]| _Perieve J{_Contim _J|_bor__J

Figure 4 Range Bands Menu
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— | ACQ Personal Data

~— Student Personal Data

Name: IJohnDoe

SSN |11 |22 | 3456

(4 digits for report fname)
Date | 11/21/94

(provided by test personnel)
Tial# [ (FOR: 1-20, IFOV: 21-40)

Input trial file: ../Datafiles/TRIAL1.DAT
-> OK, Trial file does EXIST

Output report file: ../Reportfiles/REPORT34561.DAT

I

Save/Retrieve Configuration
File: I../Datafiles/pert.cfg

|Save||aemm||0omm||mon|

Figure 5 Personnel Data Menu
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— | Acquisition Data

IFOV Condition #1 of 40

V¥ Detection J
Recognition

VTank V¥ APC V¥ Truck VFW VRW WV SP Artliery
____ dentification
T Y MA Y NOS ' F15 ’ ¥ M109A8 155 How
vi0AT Y OTRO v Wy v s.m%"';m v ﬁ,“ms;.“ v 2519 162 How
v v B2, HEMTT v F/A18Homel v AH84 Apache v M108 120 Mortar
v 172 v BM21 roc leun v SU-25 v RAHES Comanche 2512 120 Mortar
'm v GAZ-68 4x4 [} SU-29 v ml-b

¢ M-2¢ Hnd

o Mi28 Holum

V¥ No Target Exists

— ACQ STATUS ——
= o |
Manual Timer Elapsed: 0.00
(OPTIONAL)

Figure 6 Acquisition Data Menu
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— | Acquisition Supplemental Data

—— Mark quadrant for IFOV ACQ Test

Mark the quadrant where
the target appeared

Figure 7 Quadrant Data Menu
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the left and right board markers. When he locates a target, the soldier states the
acquisition at the highest level he can distinguish. For both IFOV and FOR tests, a
stop clock tracks the time elapsed between target appearance and the soldier’s
response. After the target acquisition test trials are completed, the VVATT produces
a report.

Appendix A pages A-2 through A-11 show the output results. Each individual
observer-target pair is tracked and scored. Accounting scores for observer responses
versus ground truth are maintained for detection, recognition, identification, false
targets, null targets and time. Near the end of the report, summary data is produced.
A sample is contained on pages A-10 and A-11.

The VVATT assists in rapidly stepping through structured target acquisition
tests, scoring and summarizing the results.

13
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4.2 VV&A Protocol Data Units (PDU’s)

A PDU is a unit of data that is passed on a network between simulation entities
or applications. Standard PDU’s are defined by the Distributed Interactive Simulation
(DIS) Community. VV&A PDU'’s are specialized PDU’s generated by the simulator.
Actually, the VV&A PDU’s are not separate PDU’s, but are wrapped inside an Action
Response PDU customized for each VV&A category. The VV&A PDU’s contain data
that cannot be derived from the Standard DIS PDU’s; the VV&A data contains
intermediate and final calculations that the simulator must determine in order to
function/operate correctly.

Six VV&A PDU’s were designed, developed and used in the M1A2 simulator.
These PDU’s transfer well to other weapon platforms; however additional PDU’s may
be necessary to VV&A other weapon systems which exhibit special characteristics.
Currently there are six VV&A PDU’s and the structure/data fields of these PDU’s are
contained in Appendix B. The following briefly describes each PDU:

1.) Target Acquisition and Tracking PDU. The Target Acquisition and
Tracking PDU is transmitted periodically at time intervals. From the structure

contained in Appendix B, it is apparent that this information is used to analyze target
tracking ability for a delivery accuracy evaluation. This PDU data can also be used to
analyze search patterns for a target acquisition evaluation.

2.) Delivery Accuracy PDU. The Delivery Accuracy PDU is transmitted when
a round is fired. The data in this PDU is used to conduct a delivery accuracy
evaluation. This PDU is used in conjunction with the Target Acquisition and Tracking
PDU in order to conduct delivery accuracy evaluations for the Sabot and HEAT

rounds.

3.) Direct Fire Vulnerability PDU. The Direct Fire Vulnerability PDU is generated
when the simulator receives a hit from a round. The data in this PDU provides the
information to conduct an analysis regarding the direct fire vulnerability algorithms for
kinetic energy, shaped charge and top-attack direct fired munitions.

4.) |Indirect Fire Vulnerability PDU. The Indirect Fire Vulnerability PDU is
generated when an indirect fire round detonates with a certain radius of the simulator.
The information provides the ability to analyze the simulator’s indirect fire algorithms
for both high explosive and ICM type artillery rounds.

14
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5.) Smart Target Acquisition Fire and Forget (STAFF) PDU. The STAFF PDU
is generated when the simulator fires a STAFF munition. This PDU contains data
which is customized to the STAFF munition. The STAFF round is a fire and forget
round equipped with a seeker. Once a target is located by the STAFF munition, then
the STAFF fires a submunition down onto the target. For analysis, the STAFF PDU
is used to assess the STAFF round delivery accuracy and STAFF submunition
functioning.

6.) Coax Machinegun PDU. The M1A2 simulator generates a Coax PDU when
a 7.62mm tracer round is fired. A tracer round occurs on every 5th round of 7.62mm
munition. The simulator models the tracer round in order to reduce the total number
of packets which would be required if each round were modeled. This approach was
chosen because of the 7.62mm coax machinegun’s rapid firing rate. The Coax PDU
contains data relative to a burst-fire weapon system. This PDU is used to evaluate
the 7.62mm delivery accuracy.

The various VV&A PDU’s can each be turned-on or turned-off. The capability
of turning off the VV&A PDU'’s is necessary before conducting a BDS-D Experiment.
There is concern that the Standard DIS PDU’s generated during an Experiment could
overload the network. Therefore, additional data/information generated by the VV&A
PDU’s simply add more packets on the network which potentially may cause
network/real-time problems.

The VV&A PDU’s were designed specifically for the M1A2 simulator; however
they are sufficiently general that they may be used to capture the same data for nearly
all ground platforms. The Target Acquisition and Tracking PDU is applicable to any
weapon system that manual searches and tracks targets. This PDU could possibly
also be used for automatic tracking. The Delivery Accuracy PDU may apply to any
weapon system simulator that fires a round and uses biases and dispersion to model
the fly-out. The Direct Fire Vulnerability and Indirect Fire Vulnerability PDU’s are
applicable to any simulator that uses the standard Army vulnerability algorithms. The
Staff PDU may be used for other fly-over shoot-down type munitions. And finally the
Coax PDU may be applicable to other burst-fired munitions.

15
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4.3 Delivery Accuracy Logger Files

Prior to the A2 ATD Experiment 1, the delivery accuracy capability of the M1A2
simulator firing sabot and High Explosive Anti-Tank (HEAT) rounds was VV&A'd.
Tests similar to the Technical Tests conducted on live M1A2 tanks at the Proving
Ground were re-created in the virtual battlefield environment. Four major test

scenarios are:

1.) stationary firer versus stationary targets,
2.) stationary firer versus moving targets,

3.) moving firer versus stationary targets, and
4.) moving firer versus moving targets.

The virtual test set-ups are created with logger files, which are comprised of
PDU’s. The M1A2 simulator is separately placed on the battlefield by use of the
simulator console. During simulator delivery accuracy testing, the logger files are
played back on the Datalogger while the soldiers in the simulators engage targets.
Figures 8 through 11 graphically show the various delivery accuracy target board set-

ups.

Figure 8 contains the stationary firer versus stationary target-board test. Four
separate logger files were developed to place the eight collective target-boards at
1500, 2500, 3000, and 3500 meters range from the simulator. One logger file at a
time is played back, while the gunners fire two sabot rounds at each target in
sequence. Next, two HEAT rounds are fired at each target. Then, the 2500 meters
logger file is played and the sequence continues until the last logger file is played back

and engaged.

The stationary firer versus moving target-board tests are shown in Figure 9.
One moving target is a crossing target and the other moving target is an evasive
maneuvering target replicating the Anti-Tank Missile Test (ATMT) path. For the
crossing target, three logger files were developed for target ranges of 1500, 2000 and
2500 meters distance from the simulator. The 1500 meter logger file is played back.
After the target passes the marker; then the soldiers fire 2 sabot and 2 HEAT rounds.
That same logger file is played back a number of times to obtain sufficient
replications. Next, the 2000 meter logger file is engaged and replicated, followed by
the 2500 meter logger file. In the case of the stationary firer versus maneuvering
target, three logger files were developed for target ranges of 1500, 2000 and 2500

16
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M1A2-Simulator

Hﬂﬂ Elim "] ﬂm

Figure 8 Stationary Firer vs Stationary Target

DELIVERY ACCURACY TESTS
mwl g ?X‘i'?
vV
=
= FIEF

Figure 9 Stationary Firer vs Moving Target
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MOVING FIRER vs STATIONARY TARGET

s

M1A2 SIMULATOR
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MtA2 SMULATOR MARGER
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Figure 10 Moving Firer vs Stationary Target
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Figure 11 Moving Firer vs Moving Target
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meters. During this test, the soldiers fired 10-20 sabot rounds in one replication and
10-20 HEAT rounds in the next replication.

The moving firer versus stationary targets tests are shown in Figure 10. The
stationary targets and markers are played back in a logger file. The head-on firer
approaches one of the target boards. As the simulator passes each marker, the
gunner fires 2 sabot and 2 HEAT rounds. For the next replication, the simulator is
repositioned to its previous location, drives toward the other target-board, and fires
while passing the markers. This is repeated until sufficient replications are achieved.

The crossing firer versus stationary target, Figure 10, consists of two logger
play back logger files. One logger file locates the target at 1000 meters range and the
other logger file places the target at 1500 meters range. As in all cases, the simulator
is positioned by the simulator console. In this test, the gunner slews the turret on
target. As the simulator passes the first marker two sabot and two HEAT rounds are
fired. Each logger file is replicated a number times.

The last delivery accuracy test examines the moving firer versus moving target
scenario, as shown in Figure 11. One logger file was developed with markers and the
target-board located at 1500 meters range. During the test, as the simulator passes
the marker and the target is in between the markers, then the gunner fires two sabot
rounds. Again, the logger file is replicated.

Logger files provide the ability to control a vehicle’s path and speed, through
specifying location points on the path and the vehicle’s velocity and acceleration.
Logger files also allow a target to sustain multiple hits without any damage or kill
effect, which would interfere in a delivery accuracy test. Furthermore, the target’s
height above terrain can be held constant in a logger file, which is another desirable
condition for delivery accuracy tests. MODSAF, on the other hand, does not permit
the ability to input exact points on a path and to specify a particular velocity and
acceleration between the points. MODSAF also forces vehicles to follow the terrain
and to negotiate around unpassable terrain or obstacles.
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4.4 DIS Analytical Tools (DISAT)

During VV&A testing, the simulator sends and receives standard DIS PDU’s in
addition to sending the specialized VV&A PDU’s. All these PDU’s are captured on a
Datalogger. The Datalogged PDU’s form the primary basic raw data which can be
used in calculations to produce measures of effectiveness, performance, and
behaviors. The DIS Analytical Tools (DISAT), developed by A2 ATD, consist of a
number of computer routines which calculate certain measures of merit based on the
Datalogged PDU’s. A subset of the DISAT tool box was designed to support

simulator VV&A.

The majority of the simulator VV&A DISAT routines simply extract the VV&A
PDU’s (actually Action Response PDU’s), format the VV&A PDU fields and output the
data. The VV&A PDU’s contain the simulator’s calculations. In addition to the VV&A
PDU’s, the DISAT uses other Standard DIS PDU’s to determine critical data necessary
to supplement and to validate the calculations that are contained in the VV&A PDU’s.
The Standard DIS PDU’s typically used are the Entity State, Fire and Detonate. The
DISAT formats and outputs applicable fields such as the simulator’s location and
heading, the target location and heading, round detonation location, etc. The DISAT
also calculates the range to target, attack angle of rounds, velocity versus time and
acceleration versus time.
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4.5 Simulation Manager (SIMAN)

The Simulation Manager, developed by STRICOM, issues and receives
Simulation Management PDU’s in order to initiate and control an exercise. PDU’s that
SIMAN sends are: Set Data, Data Query, Action Request, Create Entity, Remove
Entity, Start/Resume, and Stop/Freeze. PDU’s that SIMAN receives are: Event Report,
Data, Action Response, and Acknowledge. All these PDU’s are not supported in the
current SIMAN release. However, some of the SIMAN PDU’s were used to support
the M1A2 simulator VV&A, and as the SIMAN matures this tool may be more useful
in facilitating the conduct of simulator VV&A.

The SIMAN issues Set Data PDU’s that can be used to set the fuel level in a
simulator. This Set Data was used in the M1A2 simulator VV&A to zero the fuel
levels in the left and right fuel tanks, and to set the fuel level in the rear tank to a
specific number of liters. Subsequently, a fuel consumption test could be executed
with a known initial quantity of fuel. Without this tool either 1) the simulator code
would have to be changed or 2) the fuel consumption test must be run with full rear
and full auxiliary fuel cells requiring an inordinate amount of time to starve the
simulator of fuel.

Another PDU that the SIMAN issues is the Data Query PDU. This PDU can be
used to specify the periodic time interval that the simulator issues the Target
Acquisition and Tracking VV&A PDU. The simulator is hard-coded to issue the Target
Acquisition and Tracking PDU once every 2 seconds, currently; however, to support
tracking analysis for delivery accuracy VV&A the data must be captured at a minimum
frequency of 12 hertz. The Data Query PDU was used during the M1A2 VV&A to set
the frequency of the Target Acquisition and Tracking PDU.

The Data Query PDU can also be used to change the Dead Reckoning
parameters. This was not used for the M1A2 simulator VV&A; however, it could be
used to support mobility/automotive performance tests. Appropriately changing the
Dead Reckoning parameters will force Entity State PDU’s to be generated more often.
Entity State PDU’s are the primary data source for mobility test data such as distance
traveled, velocity, acceleration, etc. Frequent data points allow a better estimate of
actual simulator performance.

SIMAN was only used for a few functions during the M1A2 VV&A; however,

these functions were critical to obtaining quality data, reducing test time and avoiding
temporarily changing hard-coded simulator default values.
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5. SUMMARY

The VV&A tools will continue to evolve and mature. In addition, other tools
will be developed. For example, play-back logger files for vulnerability tests would
significantly reduce vulnerability test set-up and execution. The VV&A tools for
simulators, to-date, have been developed for the M1A2 simulator; however the tools
are sufficiently general for other weapon simulators to use or adapt.
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APPENDIX A - VVATT SAMPLE
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This section details the message formzts used for transmitting VV&A data in DIS Action Response
PDUs. There is a PDU format table corresponding to each one of the 6 Action Response PDUs
customized for VVEA.
Field Size Fields Of Action Response PDU Customized For
{bits) Target Acquisition And Tracking VV&A
Protocol Version - 8 bit enumeration
Exercise ID - 8 bit unsigned integer
96 PDU PDU Type - 8 bit enumeration
HEADER Padding - 8 bit unused
Time Stamp - 32 bit unsigned integer
Length - 16 bit unsigned integer
Padding - 16 bits unused
Site - 16 bit unsigned integer
64 ORIGINATING Application - 16 bit unsigned integer
ENTITY ID Entity - 16 bit unsigned integer
Group -16 bit unsigned integer
Site - 16 bit unsigned integer
64 RECEIVING Application - 16 bit unsigned integer
ENTITYID Entity - 16 bit unsigned integer
Group -16 bit unsigned integer
32 PADDING . 32 bits unused
32 REQUEST 32 bit unsigned integer
32 REQUEST STATUS 32 bit unsigned integer
32 NUMBER OF FIXED DATUM 0x00000000
FiELDS
32 NUMBER OF VASIABLE 0x00000001
DATUM FIELDS
0x0000012C (300)
(Se= Section 4.2.2.1.2) - 32 bit unsigned int
0x00000580 (1408)
32 bit unsigned integer
1472 TARGET Sight World Position - X Coordinate
ACQUISITION AND - 64 bit float
TRACKING \'/&A Sight World Position - Y Coordinate
DATA - 64 bit float
Sight World Position - Z Coordinate
- 64 bit float
. Sight World Onentation - Psi
- 32 bit float
Sight World Orientation - Theta
- 32 bit float




OASIS-LR3301-05-2

March 2, 1994

Sight World Orierv:ation - Pri
- 32 bit ficat

Gun Wit Sight Offsst - Azimuth
- 32 bit ficat

Gun Wit Sight Offset - Elevesion
- 32 bit fioat

Lead Sight - 8 bit unsigned irzeger

Active Handle - 8 bit unsigned integer

Handle Signal - 8 bit unsigned integer

Padding - 8 bits unused

Target World Position - X Coordinate
- 64 bit ficat

Target World Position - Y Coordinate
- 64 bit float

Target World Position - Z Coordinate
- 64 bit float

Target World Velocity - X Coordinate
- 32 bit float

Target World Velocity - Y Cooddinate
- 32 bit float

Target World Velocity - Z Coordinate
- 32 bit float

Target Entity- Site ID - 16 bits
Target Entity- Application 1D - 16 bits
Target Entity- Entity ID - 16 bits

Baliistic Range - 16 bit unsigred int

Ballistic Superelevation - 32 tit float

Ballistic Lead - 32 bit float

Lay Error - Azimuth
- 32 bit float

Lay Error - Elzvation
- 32 bit ficat

Kinematic Lead Error - 32 bt float

Target Rate Wrt Vehicle - AZmuth

-32 bit float
Target Rate Wrt Vehicle - Elevation
-32 bit float
Sight Tracking Rae - Aziruth
-32 bit float
Sight Tracking Ra:2 - Elevazon
-32 bit fioat
Tracking Rate Error - Azirmuth
-32 bit fizat
Tracking Rate Ercr - Elevaion
-32 bit ficat
Gun World Position - X Coorzinate
- 64 bit foat
Gun World Position - Y Coordinate
- 64 bit foat
Gun World Position - Z Cooginate
- 64 bit foat
Gun Woerd Orientation - #si
- 32 bit foat
Gun Word Orien:ztion - Treta
- 32 bit foat
Gun World Orientation - =hi
- 32 bit foat

System Incuced Eror - 32 bt float
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Figure 121:  Message Format for Action Response PDU Customizzd For Tzrget Acguisition
. and Tracking VV&A,

Field Siz1 Fields Of Action Response PDU Customized For
(bits) Delivery Accuracy VV&A
Protoco! Versios - 8 bit enumeraon
Exercise 10 - 8 bit unsianed intecer
£6 PDU PDU Type - 8 bit enumeration
HEADER Padding - 8 bit unused
Time Stamp - 32 bit unsigned integer
Length - 16 bt unsigned integer
Padding - 16 bits utused
Site - 16 bit unsigned integer
€4 ORIGINATING Application - 16 bit unsigned integer
ENTITY ID Entity - 16 bt unsigned integes
Group -16 bt unsigned integes
' Site - 16 bit unsignes integer
44 RECEIVING Application - 16 bit unsicned integer
ENTITY ID Entity - 16 bk unsigned integes
o Group -16 bt unsigned integes
32 PADDING 32 bis unused
32 REQUEST ID 32 bit unsigned irteger
32 REQUEST STATUS 32 bit unsigned irteger
32 NUMBER OF FIXED DATUM 0x02000000
~ FIELDS
32 NUMBER OF VARIABLE 0x(000001

DATUM FIELDS
’ 0x0005012D (331)

(See Section 4.2.2.1.2) - 32 bit unsizned int
0x000C2140 (8512)
32 bit unsigned irteger

8576 DEUVERY Sight World Pesition - X Coordirate
ACCURACY __-6¢bit float

VV&A Sight World Pesition - Y Coordirzte
DATA - 64 bit float

Sight World Pcsition - Z Coordirate
- 6+ bit float

Sight Worlc Orientazon - Ps
- 32 bit float

Sight World Orientaticn - The=
- 22 bit floa: '

Sicht Worlz Orientazon - Ph
- 32 bit fioa:

Gun Wrt Sig-t Offset - Azimu2
- 32 bit float

Gun Wrt Sigt Offset - Elevatizn
- 22 bit float

Time Al Firing - 32 bit unsigned irteger

Lead Sight - £ 7it unsicaed intszer

Target Hit Status - 8 bits unsigned integer

Fice Even - Site 1D - 16 bits
Fire Event - A-olicatio= ID - 16 Sits
Firz Event - Svent IT - 16 bits

Targe: World F:sition - X Coorcnate
- £ bit floz

Targe: World F=sition - ¥ Coorariate
- &4 bit floz:
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Target World Position - Z Coordinate
- 64 bit float

Target World Velocity - X Coordinate
- 32 bit float

Target World Velocity - Y Coordinate
- 32 bit float

Target World Velocity - Z Coordinate
- 32 bit float

Target Entity- Site ID - 16 bits
Target Entity- Application ID - 16 bits
Taraet Entity- Entity ID - 16 bits

Ballistc Range - 16 bit unsigned int ‘

Ballistic Superelevation - 32 bit float

Ballistic Lead - 32 bit float

Ballistic Cant - 32 bit float

Ballistic Barometric Pressure
- 32 bit float

Ballistic Crosswind Direction From North
. =-32bitfloat

Balfistic Crosswind Magnitude
- 16 bit integer

Ballistic Ammo Temperature
- 16 bit integer

Ballistic Air Temperature
- 16 bit integer

Environment Ammo Temperature
- 16 bit integer

Environment Air Temperature .
- 16 bit integer

Environment Crosswind Magnitude
- 16 bit integer

Environment Crosswind Direction From North
- 32 bit float

Environment Barometric Pressure
- 32 bit float

Kinematic Lead Error - 32 bit fioat

Lay Eror - Azimuth

- 32 bit float
Lay Eror - Elevation
- 32 bit float
Lay Point World Position - X Coordinate
- 64 bit float
Lay Point World Position - Y Coordinate
- 64 bit float
Lay Point World Position - Z Coordinate
- 64 bit float
Targst Rate Wit Vehicle - Azimuth
-32 bit float
Target Rate Wrt Vehicle - Elevation
-32 bit float
Sicht Tracking Rate - Azimutn
-32 bit float
Sicnt Tracking Rate - Elevation
-32 bit float
Trzcking Rate Ermor - Azimuin
-32 bit float
Trazking Rate Error - Elevation
-32 bit float




~Gun World Position - X Coordinate

- 64 bt float
Gun World Position - Y Coordinate
- 64 bit float ‘
Gun World Position - Z Coordinate
- 64 bit float
Gun World Orientation - Psi
- 32 bit float -
Gun World Orientation - Theta
- 32 bit float
Gun World Orientation - Phi
- 32 bit fioat

Gun World Orientation With All But Static
Round Dispersion
- Psi - 32 bit float )
Gun World Orientation With All But Static
Round Dispersion
- Theta - 32 bit float
Gun World Orientation With All But Static
Round Dispersion
- Phi - 32 bit float
Gun World Orientation With All Dispersions
- Psi - 32 bit float
Gun World Orientation With All Dispersions
- Theta - 32 bit float
Gun World Orientation With All Dispersions
- Phi - 32 bit float

System Induced Error - 32 bit float
Time Of Flight To Target Range
- 32 bit float
Firer-Target Mobility Status - 8 bit uns. int.
Padding - 24 bits unused
Fixed Bias - Horizontal - 32 bit float
Fixed Bias - Vertical - 32 bit float
Occasion Dispersion - Horizontal - 32 bit float
Occasion Dispersion - Vertical - 32 bit float
Static Round Dispersion - Horizontal - 32 bit
float
Static Round Dispersion - Vertical - 32 bit float
Dynamic SM Dispersion Add-On - Horizontal

- 32 bit float
Dynamic SM Dispersion Add-On - Vertical
- 32 bit float
Dynamic MS Dispersion Add-On - Horizontal
- 32 bit float
Dynamic MS Dispersion Add-On - Vertical
- 32 bit float
Gun Pointing Error - Horizontal
- 32 bit float
Gun Pointing Eror - Vertical
- 32 bit float
Total Gun Pointing Error - Horizontal
- 32 bit float
Total Gun Pointing Error - Vertical
- 32 bit float '
Totz! System Error - Horizontal
- 32 bit float
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Total System Ermor - Vertical
’ - 32 bit fioat
Miss Distance - Horizontal
~ - 32 bit float
Miss Distance - Vertical
- 32 bit fioat
Gun Direction Wit Desired Aimpoint
- Horizontal - 32 bit float
Gun Direction Wrt Desired Aimpoint
- Vertical - 32 bit float
Vehicle World Velocity - X Component
- 32 bit float
Vehicie World Velocity - Y Component
- 32 bit float )
Vehicle World Velocity - Z Component
- 32 bit float
Vehicle World Acceleration - X Component
- 32 bit float
Vehicle World Acceleration - Y Component
- 32 bit float
Vehicle World Acceleration - Z Component
- 32 bit float
Vehice Angutar Velocity - X Component
- 32 bit float
Vehice Angutar Velocity - Y Component
- 32 bit float
Vehice Angutar Velocity - Z Component
-32bitfloat -
Padding - 32 bits unused
Actual Trajectory-Target Plane Intersection
‘World Pcsition - X Coordinate
- 64 bit float
Actual Trajectory-Target Plane Intersection
World Position - Y Coordinate
- 64 bit float
Actual Trajectcry-Target Plane Intersection
World Pasition - Z Coordinate
- 64 bit float
Padding - 64 bits unused
Actuz! Flyout Trajectory
- 2560 hit Trajectory-Record
Flycut Trajectory With out Dispersions
- 2560 ait Trajectory-Record

Fgure 122: Message Format for Action Resoonse POU Cus:omized For Delivery Accuracy
VViA.



Response PDU Customized For

Field Size Fields Of Action
{bits) Direct Fire Vulnerability Assessment VV&A
Protocol Version - 8 bi: enumeration
Exercise 1D - 8 bit unsgned integer
96 PDU PDU Type - 8 bit enumeration .
HEADER Padding - 8 bit unused
Time Stamp - 32 bit unsigned integer
Length - 16 bit unsicned integer |
Padding - 16 bits unused
Site - 16 bit unsigred integer
64 ORIGINATING Application - 16 bit unsigned integer
ENTITY ID Entity - 16 bit unsigned integer
Group -16 tit unsigned integer
Site - 16 bit unsigred integer
64 RECEIVING Application - 16 bit unsigned integer
ENTITYID Entity - 16 bit unsigned integer
Group -16 bit unsigned integer
32 PADDING 32 bits unused
32 REQUEST ID 32 bit unsigned integer
32 REQUEST STATUS 32 bit unsigned integer
32 NUMBER OF FIXED DATUM 0x00000000
FIELDS
32 NUMBER OF VARIABLE 0x00000091
DATUM FIELDS
0x0000012E (302)
(See Section 4.2.2.1.2) - 32 bit unsigned int
0x00000580 {1408)
32 bit unsignec integer
1472 DIRECT Direct Fire Type - 8 bts unsigned int
FIRE Padding - 8 bits unused
VULNERABILITY Range From Firer At Firing - 16 bit us inteosr
ASSESSMENT Fire Event - Site ID - 1€ bit uns. integer
VV&A Fire Event - Application 1D - 16 bit uns. int
DATA Fire Event - Event ID - 16 bit uns. int.

Firing Entity - Site ID - 15 bit uns. integer
Firing Entity- Application 1D - 16 bit uns. in_
Firing Entity - Entity 1D - 16 bit uns. int.
DIS Munition Type
- 64 bit Entity Ty=e Record
Impact Location Vesicle Position
- X Coordinate - 54 bit float
Impact Location Vesicle Position
- Y Coordinate - £4 bit float
Impact Location Vedicle Position
- Z Coordinate- €4 bit float
Impact Azimuth - 32 bit float
Dispersion Of Impzcting Round
- 32 bit fizat
Exposure Mode - 8 bit unsigned int
Padding - 24 b=s unused
STAFF Submunition Attack Azimuth
- 32 bit fizat
STAFF Submunition 4tack Elevation
- 32 bit fizat
M-Kill Probzsility
- 32 bit fizat
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F-Kill Frobability
- 32 oit float
3A or F-Kil Probability
- 32 qit float
K-Kill Probability
- 32 zit float
)4 Only-Kil Probability
- 32 it float
F Only-Kil Probability
. - 32 hit float
M and F On¥y-Kill Probability
- 32 bit float
K Only-Kil Probability
- 32 bit float
Kill Tnermometer - M Only Start
- 32 bit float
Kill Thermometer - F Only Start
- 32 bit float
Kill Thermometer - M and F Only Start
- 32 bit float
Kill Tnermometer - K Only Start
- 32 bit float
Random Number Selected
- 32 bit float
Kill Tvoe - 8 bt unsigned integer
Oid Kill Status - 8 bit unsigned integer
New Kill Status - 8 bit unsigned integer
Crew Czsualty - 8 bit unsigned imeger
Army Munition Namel[0] - 8 bit character

VP~ ¢

Army Musition Namef25] - 8 bit character
Army DFVA Muniten Typel[0] - 8 bt char.

Amy DFVA Muniticn Type[20}] - 8 birchar.
Paddi~g - 40 bits

Figure 123: Message Format for Action Request PDU Cusiomized ~or Direct Fire Vuinerability
VV&A.

..
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Fields Of Action Response PDU Customized For

Field Size
(bhits) Indirect Vulnerability Assessment VV&A
Protocol Version - 8 bit enumeration
Exercise ID - 8 bit unsigned integer
96 PDU PDU Type - 8 bit enumeration .
HEADER Padding - 8 bit unused
Time Stamp - 32 bit unsigned integer
Length - 16 bit unsigned integer
Padding - 16 bits unused
Site - 16 bit unsigned integer
64 ORIGINATING Application - 16 bit unsigned integer
ENTTTY ID Entity - 16 bit unsigned integer
Group -16 bit unsigned intege:
Site - 16 bit unsigned integer
64 RECEIVING Application - 16 bit unsigned integer
ENTITY ID Entity - 16 bit unsigned integer
Group -16 bit unsigned integer
32 PADDING 32 bits unused
32 REQUEST ID 32 bit unsigned integer |
32 REQUEST STATUS 32 bit unsigned integer
32 NUMBER OF FIXED DATUM 0x00000000
FIELDS ’
32 NUMBER OF VARIABLE 0x00000001
DATUM FIELDS
0x0000012F (303)" .
(See Section 4.2.2.1.2) - 32 bit unsigned int
0x00000880 (2176)
32 bit unsigned integer
Indirect Fire Type - 8 bit unsigned int
Environment Type - 8bit unsigned integer
sure Type - 8 bit unsigned integer _}
Damage Function Selected - 8 bit unsigned
integer
2240 INDIRECT Kill Type - 8 bit unsigned integer
FIRE Environment Type - 8 bit unsigned integer
VULNERABILITY Exposure Type - 8 bit unsigned integer
ASSESSMENT Padding - 8 bits unused
VV&A
DATA Vehicle World Position - X Coordinate

- 64 bit float

Vehicle World Position - Y Coordinate
- 64 bit float

Vehicle World Position - Z Coordinate
- 64 bit float

Detonation World Position - X Coordinate
- 64 bit float
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Detonation World Positior: - Y Cocinate
- 64 bit floe:

Detonation World Position - Z Coc-zinate
- 64 bit floa:

DIS Munition Type - 64 txt Entity Type
Record

DIS Fuze Type - 16 bit unsigne: int

Padding - 16 bits unused

Environment Scalar
- 32 bit floa

Exposure Scalar For M-Kill
- 32 bit floz:

Exposure Scalar For F-Kill
- 32 bit float

Exposure Scalar For M or F-Kil
- 32 bit flozt

Exposure Scalar For K-Kill
- 32 bit floa:

Lethal Area For )Gl
- 32 bit floz:

Lethal Area For F-Kill
- 32 bit floz=

Lethal Area For M. or F-Kill
- 32 bit floz

Lethal Area For X-Kill
- 32 bit flo

( HEM Initial Kill Probability - 32 bi: float
HEM RATS Value - &2 bit flozz

i Detonation Wrt Vehicle Cifset In Hange
- 32 bit floz:

Detonation Wrt Vehicle Ofiset In Der:lectior.
- 32 bit floz:

ICM Number Of Submunitizas - 1€ Sit float

Padding - 16 bits 2nused

ICM Reliability - 32 bit float

Firer-Detonation Ranas - 32 bii Zoat

Pattern Cutoff Radius - 32 bit foat

M-Kill Probabiity
- 32 bit flo=

F-Kill Probabiity
- 32 bit floz2

M or F-Kill Probzbility
- 32 bit floz2

K-Kill Probabiity
- 32 bit flozt

M Only-Kill Protzbility
- 32 bit floz:

F Only-Kill Probzbility
- 32 bit floz:

M and F Only-Kill Frobabilits
- 32 bit floz:
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K Only-Kill Probability
- 32 bit float
Kill Thermometer - M Only Start
- 32 bit float
Kill Thermometer - F Only Start
- 32 bit float
il Thermometer - M and F Only Start
. - 32 bit float
Kill Thermometer - K Only Start
- 32 bit float
Random Number Selected
- 32 bit float
Driver Casualty Status - 8 bit unsigned
integer
Loader Casualty Status - 8 bit unsigned
integer
Gunner Casualty Status - 8 bit unsigned
integer
Commander Casualty Status - 8 bit unsigned
integer
Munition Terminal World Velocity
- X Component - 32 bit float
Munition Terminal World Velocity
- Y Component - 32 bit float
Munition Terminal World Velocity
- Z Component - 32 bit float
Fire Event - Site ID - 16 bits uns. int.
Fire Event - Application ID - 16 bits uns. int.
Fire Evert - Event ID - 16 bits uns. int.

Firing Entity - Site ID - 16 bits uns. int.
Firing Entity - Application 1D - 16 bits uns. int.
Firing Entity- Entity ID - 16 bits uns. int.
Army Munition Name([0] - 8 bit character

A-my Muniion Name[25] - 8 bit character

Army IFVA Munition Type[0] - 8 bit char.

Amy IFVA Munition Type[15] - 8 bit char.

Army Fuze Type{0] - 8 bit character

Army Fuze Type[10] - 8 bit character

Pacding - 24 bits unused

Figure 124:  Message Format for Action Response PDU Customized For Indirect Fire
: Vulnerability VV&A.
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Field Size
(bits)

Fields Of Action Response PDU Customized For
Coax Gun VV&A

96

PDU
HEADER

Protocol Version - 8 bit enumeration

Exercise 1D - 8 bit unsigned integer

PDU Typse - 8 bit enumeration

Paddine - 8 bit unused

Time Stamp - 32 bit unsigned integer

Length - 16 bit unsigned integer

Padding - 16 bits unused

64

ORIGINATING
ENTITY ID

Site - 16 bit unsigned integer
Application - 16 bit unsigned integer
Entity - 16 bit unsigned integer
Group -16 bit unsigned integer

64

RECEIVING
ENTITYID

Site - 16 bit unsigned integer
Application - 16 bit unsigned integer
Entity - 16 bit unsigned integer
Group -16 bit unsigned integer

32

PADDING

32 bits unused

32

REQUEST ID

32 bit unsigned integer

32

REQUEST STATUS

32 bit unsigned integer

32

NUMBER OF FIXED DATUM
FIELDS

0x00000000

32

NUMBER OF VARIABLE
DATUM FIELDS

0x00000001

1408

COAX GUN
VV&A
DATA

0x00000130 (304)

(See Section 4.2.2.1.2) - 32 bit unsigned int

0x00000540 (1344)
32 bit unsigned integer

Lay Error - Azimuth
- 32 bit float

Lay Error - Elevation
- 32 bit fioat

Lay Point Worid Position - X Coordinate
- 64 bit float

Lay Point World Position - Y Coordinate
- 64 bit ficat

Lay Point Worid Position - Z Coordinate
- 64 bit float

Sight World Position - X Coordinate
- 64 bit float

Sight World Position - Y Coordinate
- 64 bit float

Sight World Position - Z Coordinate
- 64 bit float

Sight World Orientation - Psi
- 32 bit float

Sight World Orientation - Theta
- 32 bit float

Sight World Orientation - Phi
- 32 bit float

Lead Sight - 8 bit unsigned integer

Padding - 24 bits unused

Target Worid Position - X Coordinate
- 64 bit float

Target Wori3 Position - Y Coordinate
- 64 bit float
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Target World Position - Z Coordinate
- 64 bit float

“Target Entity- Site ID - 16 bits
Target Entity- Application ID - 16 bits
Target Entity- Entity ID - 16 bits

Firer-Target Mobility Status - 8 bit uns. int.

Target Hit Status - 8 bit uns. int.
Detonation World Position - X Coordinate
- 64 bit float

Detonation World Position - Y Coordinate
- 64 bit float

Detonation World Position - Z Coordinate
- 64 bit float

Fixed Bias - Horizontal - 32 bit float

Fixed Bias - Vertical - 32 bit float

Burst Dispersion - Horizontal - 32 bit float

Burst Dispersion - Vertical - 32 bit float

Static Round Dispersion - Horizontal - 32 bit
float

Static Round Dispersion - Vertical - 32 bit float

Dynamic SM Dispersion Add-On - Horizontal
- 32 bit float

Dynamic SM Dispersion Add-On - Vertical
- 32 bit float

Dynamic MS Dispersion Add-On - Horizontal
- 32 bit float

Dynamic MS Dispersion Add-On - Vertical
- 32 bit float

Figure 125:

© Message For—zt for Action Response PDU Customized For Coax Gun VV&A.
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Field Size Fields Of Action Response PDU Customized For
(bits) STAFF Round VV&A
Protoco! Version - 8 bit enumeration
Exercis= 1D - 8 bit unsigned integer
96 PDU PDU Type - 8 bit enumeration
HZADER Padding - 8 bit unused ]
: Time Stamp - 32 bit unsigned integer
Length - 16 bit unsigned integer
Padding - 16 bits unused
Site - 16 bit unsigned integer
64 ORGINATING Application - 16 bit unsigned integer
ENTITY D Entity - 16 bit unsigned integer
Grouo -16 bit unsigned integer
Site - 16 bit unsigned integer
64 RECEIVING Application - 16 bit unsigned integer
ENTITYID Entity - 16 bit unsigned integer
Group -16 bit unsigned integer
32 PADDING 32 bits unused
32 REQUEST ID 32 bit unsigned integer
32 REQUEST STATUS 32 bit unsigned integer
32 NUMBER OF FIXED DATUM 0x00000000
FIELDS
32 NUMBER OF VARIABLE 0x00000001
DATUM FIELDS
0x00000131 (305)
(See Section 4.2.2.1.2) - 32 bit unsigned int
0x00000580 (1408)
32 bit unsigned integer
STAFF Fire Event - Site 1D - 16 bitus int
STAFF Fire Event - Applic. ID - 16 bit us int
STAFF Fire Event - Event ID - 16 bit us it
1472 STAFF STAFF Range - 16 bit unsigned integer
AOUND Seeker Activation Range - 16 bit us integer
VV&A . Seeker Activation Status - 8 bit us integer
Submunition Fire Status - 8 bit us integer

DATA

Time At STAFF Firing - 32 bit us integer |

Time At Seaker Activation - 32 bit us integer

Tirme At Submunition Firing - 32 bit us integer

STAFF Reliability - 32 bit float

Rzndom Number Drawn Against Reliability-
32 bit float

Antenna Beam Azimuth - 32 bit float

Forw=rd Look Angle - 32 bit float

Range From Vehicle At Submunition Firing -
16 bit us int

Target Entity - Site ID - 16 bit unsigned int
Target Ersity - Application ID - 16 bitus int

Target Enity - Entity ID - 16 bit unsigned int
Target World Position - X Coordinate
- 64 bit float
Target World Position - Y Coordinate
- 64 bit float
Target World Position - Z Coordinate
- 64 bit float
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, Target World Orientation - Psi

- 32 bit float
Target World Orientation - Theta
- 32 bit float
Target World Orientation - Phi
- 32 bit float

Number Of Targets Detected - 16 bits us int

Firer-Target Mobility Status - 8 bit uns. int.

Padding - 8 bits unused

Submunition Firing Location- X Coordinate
- 64 bit float

Submunition Firing Location - Y Coordinate
- 64 bit float

Submunition Firing Location - Z Coordinate
- 64 bit float

Submunition Detonation Location
- X Coordinate
- 64 bit float

Submunition Detonation Location
- Y Coordinate
- 64 bit float

Submunition Detonation Location
- Z Coordinate
- 64 bit float

Fixed Bias - Horizontal - 32 bit float

Fixed Bias - Vertical - 32 bit float

Aimpoint Bias - Horizontal - 32 bit float

Aimpoint Bias - Vertical - 32 bit float

Static Round Dispersion - Horizontal - 32 bit
float

Static Round Dispersion - Vertical - 32 bit float

Dynamic SM Dispersion Add-On - Horizontal
- 32 bit float .

Dynamic SM Dispersion Add-On - Vertical
- 32 bit float :

Dynamic MS Dispersion Add-On - Horizontal
- 32 bit float

Dynamic MS Dispersion Add-On - Vertical
- 32 bit float

Figure 126:

Message Format for Action Response PDU Customized For STAFF Round
VV&A.
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1. OVERVIEW

This Appendix gives an overview of a portion of the M1A2 VV&A Evaluation
Plan and Test Design Plan for Target Acquisition and Delivery Accuracy. The purpose
of this Appendix is to provide a frame of reference for the use of the simulator VV&A
tools.

2. TARGET ACQUISITION

The M1A2 acquisition sensors are visually presented to the commander, gunner
and driver through a Computer Image Generator (CIG). Target Acquisition is the
ability to detect, recognize and identify targets; however the CIG must first accurately
portray/present the targets and surrounding environment for a specific sensor device.
For example the CIG must adequately portray a Forward Looking Infrared (FLIR) sensor
and how that FLIR (i.e. CIG image) presents the scene to the viewer (gunner, etc).
Validation of the Computer Image Generator and validation of Target Acquisition are
closely linked.

Issue: How well does the M1A2 simulator’s level 2 Computer Image
Generator render realistic scenes for each sensor based on the
environment to include terrain, cultural features and icons ?

Criteria: CIG evaluation will be evaluated by Subject Matter Experts

Issue: How well does the M1A2 simulator’s target acquisition capability
permit the crew to detect, recognize and identify targets ?

Criteria: Ability of the simulator crew (man-in-the-loop) to detect,
recognize and identify targets must be characteristic of the M1A2
system requirements and system performance. Results will also be
compared to NVESD model estimates.

The M1A2 employs four sensors as described below:

(1) The commander and gunner are equipped with the Gunner Primary Sight
(GPS) which displays the Direct View Optics (DVO) in Wide Field of View (WFOV) or
Narrow field of View (NFOV).
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(2) The GPS is also switchable to the Thermal Imaging System (TIS) which can
be magnified to WFOV or NFOV.

(3) The commander is equipped with an independent thermal flat panel! display,
the Commanders Independent Thermal Viewer (CITV), which operates in WFOV or
NFOV.

(4) The driver is equipped with three forward looking vision blocks, i.e. out-the-
window view. The commander also has three vision blocks located in the cupola.
The cupola/vision blocks can be rotated around 360 degrees to provide the
commander with a 360 degree view.

2.1 Test Plan

The following tests will be conducted to validate CIG performance and Target
Acquisition capability:

2.1.1 CIG Characterization and lcon Representation.

The terrain, cultural features and icons must be sufficiently representative of
the real world being depicted. Each icon should have the same level of fidelity/detail
so that target acquisition is not unduly influenced. Furthermore there should not be
any unrealistic cues, such as color, which readily distinguish friendly versus enemy
targets. Subject Matter Experts will qualitatively assess the CIG and Icon
Representation.

2.1.2 Target Acquisition In-field-of-View - Vehiclé Target lcons.

Table 1 contains the target acquisition test matrix for the terrain, cultural
features and icons. Four M1A2 qualified gunners and/or commanders will detect,
recognize and identify six targets. Pairs of targets were chosen from three target
classes. The six targets will consist of: a tank class - M1A2 Abrams and the T80; an
infantry track vehicle class - M2A2 Bradley and the BMP2; a light wheeled vehicle
class - HMMWYV and BTR-60. Each target will be presented in four range bands,
which are: short range (1600-1800 meters); medium range (2300-2500 meters); long
range (3600-3800 meters); very long range (5400-5600 meters). Additionally null
targets will appear in a randomly ordered sequence. The environmental conditions
include: day 7km visibility; day with 3.5km visibility; and night. These various
conditions will be replicated on different backgrounds and clutter. The number of
replications conducted is a function of the environmental condition.
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Each gunner will look through a given sensor and magnification (e.g. TIS (N)).
One target will be presented in a certain range band and under a certain environmental
condition. The gunner will attempt to acquire the target to the highest level of
acquisition possible. The acquisition scale in ascending order is: no detection,
detection, recognition (i.e. Tank Class, APC Class, Truck Class, Air Class),
identification (e.g. M1A2, BMP2, etc.). Additionally a quadrant will be drawn on the
sight glass, so that the target appears to be in one of the quadrants: far left, middle
left, middle right, and far right. During the test execution, for example, a gunner will
be presented with one target and he will state "M1A2 far right quadrant”.

2.1.3 Target Acquisition In-field-of-View - Line Pair Boards.

The standard 2.3 by 2.3 meter line-pair target boards for detection, recognition
and identification will be presented to four test gunners. The boards will be randomly
spaced within four range bands. Only one board will be presented at any one time.
Gunners will vocally announce the number of line-pairs that are discernable and the
orientation of the lines "horizontal" or "vertical". The Target Board Test Matrix is
contained in Table 1. :

) Table 1. Target Acquisition Test Cases

ENVIRONMENT SENSORS

|

DVO (N) | DVO (W) | TIS(N) | TIS (W) | CITV (N)

Day X XB XB X XB X
7km Visibility

Day Y YB YB Y YB Y
3.5km Visibility

Notes:

X = 4 simulators (i.e. gunners/commanders), 6 targets, 4 ranges, 5 replications

Y = 4 simulators (i.e. gunners/commanders), 6 targets, 4 ranges, 2 replications
B = Line-pair Board Test
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2.2 Data Required

The following data will be collected:
® the condition presented

environment (e.g. day 7km visibility, etc)

sensor (e.g. DVO(N), etc)

target (e.g. M1A2, T80, line-pair board, etc)

range and range band (e.g. 1620 meters, short range band)
observer vehicle location (X, Y, Z, heading)

observer sight location (X, Y, Z, heading)

target vehicle location (X, Y, Z, heading)

aspect angle of target relative to observer sight location

® gunner acquisition response
® gunner quadrant response
® gunner time (seconds) to determine highest level of acquisition

The target acquisition test will be conducted with the use of the Verification,
Validation and Accreditation Test Tool (VVATT). Data will be captured by Standard
Protocol Data Units (PDUs), the Target Acquisition VV&A PDUs and the VVATT.

2.3 Evaluation Plan

The data will be aggregated over both similar and varying conditions. Time to
acquire and probabilities of detection, recognition, identification and false targets will
be determined as a function of similar and varying conditions. Results will be
compared: across conditions, to NVESD model estimates and to system requirements

for acquisition.
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3. DELIVERY ACCURACY

Issue: How well does the M1A2 simulator simulate the 120mm Sabot
and HEAT rounds’ delivery accuracy ?

Criteria: The simulated delivery accuracy must be comparable to
demonstrated round performance from actual M1A2 technical tests
and/or AMSAA analytical estimates.

The M1A2 Abrams tank M256 120mm main gun fire control attempts to simply
point the gun so that a round, when fired, will hit the target aimpoint. The Abrams
takes into account the offset of the sight to gun, air temperature, air pressure, cant,
propellant temperature, crosswind, distance to target, gravity and the relative crossing
motion of the target and Abrams. The fire control does not account for coriolis, but
this influence is small. In practice, the fire control solution is only approximate
because of differences between the actual tank environment and the sensed
environment. Fire control errors are attributable to tracking errors, own-vehicle motion
disturbances getting through the stabilizer, gun pointing errors (actual hardware),
variations in ammunition size, shape, weight, integrity, yaw, muzzle velocity, launch
characteristics, gun vibrations and influences. These unpredictable variations are
characterized empirically by their statistical distributions.

Delivery accuracy is defined in terms of a distance from a desired aimpoint. This
is called "total system error" and is the distance between the projectile and the
desired aimpoint in the vertical plane, which is normal to the line of sight to the target
and contains the desired aimpoint. Total system error is expressed as an angle. If the
actual aimpoint and the desired aimpoint do not coincide, the angular distance
between the two is termed "lay error". Lay error subtracted from the total system
error, is termed the projectile "miss distance”. Hitting probability is the result of
integrating the total system error density function over the presented vertical target
area, a projection of the target outline in a vertical plane containing the desired
aimpoint.

3.1 Test Plan
Delivery accuracy tests are divided into four major scenarios:

1.) stationary firer versus stationary target,
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2.) moving firer versus stationary target,
3.) stationary firer versus moving target,
4.) moving firer versus moving target.

In all scenarios, except moving firer versus moving target, a 2.3m x 2.3m
vertical target centered on a 10m x 10m panel is used. In the moving firer versus
moving target scenario, a 2.3m x 4.6m target is used. A clearly defined aimpoint is
marked on each target. The gunner should follow established engagement procedures
defined in the M1A2 training manual. Engagement procedures should mirror the FM
17-12 series manual as closely as possible, including ranging to target just before
trigger pull.

3.1.1 Stationary Firer versus Stationary Target

Table 2 shows the stationary firer versus stationary target test matrix. In each
case, the target is located out of the M1A2’s narrow field of view. The gunner
engages the target, and then fires a second round. The gunner continues finding
targets until 60 shots have been accumulated for the engagement range.

Table 2 - Stationary Firer versus Stationary Target Test Matrix

Shots per Target

Number of Targets

3.1.2 Moving Firer versus Stationary Target

The moving firer versus stationary target test matrix is contained in Table 3.
In the 20 kph head-on case, the M1A2 moves toward the target. The range to the
target at the start of the run should be 0.5 km to 1 km farther than the engagement
range. In the 20 kph crossing case, the M1A2 moves crosswise to the target.
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Table 3 - Moving Firer versus Stationary Target Test Matrix

Firer Speed (kph)

Shots per Rep ‘Number of Reps

20 kph Head-on

20 kph Crossing

3.1.3 Stationary Firer versus Moving Target

Table 4 shows the stationary firer versus moving target test matrix. The target
must remain perpendicular to the firer and the elevation of the aimpoint must remain
constant. The test environment should emulate the Aberdeen Proving Ground'’s
Bubble Moving Target Simulator.

Table 4 - Stationary Firer versus Moving Target Test Matrix

Range (m) | Shots per Rep | Number of Reps

Target Path Target Speed

(kph)

—

20

Variable
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CV20 is a constant speed crossing target. The ATMT path is a maneuvering
combat path running for 273 seconds. In all cases the range will be kept constant.
The gunner aims at the center of the target, tracks smoothly, and fires when he feels
confident of hitting the target. Additional shots should be taken with the objective

of being accurate.

3.1.4 Moving Firer versus Moving Target

The moving firer versus moving target test matrix is contained in Table 6. For
the actual M1A2 system, this case is treated by combining stationary firer-moving
target accuracy with the add-on dispersion for fire-on-the-move.

Table 5 - Moving Firer versus Moving Target Test Matrix

Crossing Speed (kph)

Number of Reps

* 2.3m X 4.6m vertical target “

3.2 Data Required

Following are the individual data elements required for all the delivery accuracy
tests. For the stationary firer versus stationary target tests, the data elements are not
required as a function of time, but rather as a function of trigger pull.

e Desired aimpoint coordinates with respect to an earth reference (w/r/t/e),
X,Y,z, in meters, versus time in 1/10 second intervals.

e Origin of the sight line on the simulator w/r/t/e, x,y,z in meters, versus time
in 1/10 second intervals.

e Midpoint of the gun trunnion w/r/t/e, X,y,z in meters, versus time in 1/10

second intervals.
e Lay error, the desired aimpoint w/r/t the midpoint of the sight reticle in

mrads, horizontal and vertical, versus time in 1/10 second intervals.
e Gun pointing direction, at trunnion, w/r/t desired aimpoint in mrads,
horizontal and vertical, versus time in 1/10 second intervals.

c-10




VV&A Tools For Simulators

e Inputs to the fire control computer: range(m), cant(mrad), crosswind(m/sec),
propellant temperature(°F), air temperature(°F), air pressure(inches Hg), boresight
values(mrads), computer correction factor(s) (mrads).

® Actual meteorological conditions, if different from those in f above.

e Ballistic solution (mrads), horizontal and vertical - where the fire control

wants to point the gun axis at the trunnion, w/r/t the boresight line.

® Actual trajectory of the projectile at 500m increments, desired by horizontal
range(m), height(m), and deflection(m), out to, and including the point of closest
approach to the aimpoint.

® Projectile’s time-of-flight as a function of the trajectory.

e Sight pointing, and gun pointing direction at the trunnion, w/r/t the desired
aimpoint at trigger pull time, in mrads, horizontal and vertical. Tag these
measurements with the trigger pull times.

® Gun-to-Sight offset, the difference between sight pointing and gun pointing
directions.

® Total system error, equals the projectile location minus the desired aimpoint.

® Projectile miss distance at the point of closest approach to the desired
aimpoint. Miss distance equals the total system error minus lay error. Express the
miss distance in terms of horizontal and vertical deflections (m).

® Number of hits and Number of shots

Additional data items required under the stationary firer versus moving target
condition and the moving firer versus moving target conditions are:

® Velocity of the desired aimpoint w/r/t/e, dx/dt, dy/dt, dz/dt, in m/sec, versus
time in 1/10 second intervals.

® Target’s instantaneous rate

Additional data items required under the stationary firer versus moving target,
moving firer versus stationary target, and moving firer versus moving target conditions
are:

® azimuth linear lead required, equals the target’s instantaneous rate multiplied
by the projectile’s time of flight.

® kinematic lead error, equals azimuth gun-to-sight offset minus the linear lead
required

e system induced error, equals kinematic lead error plus the lay error
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The delivery accuracy test will be conducted with the use of the Delivery
Accuracy Logger files, in order to present the scenario. Data will be captured by
Standard Protocol Data Units (PDUs), the Target Acquisition and Tracking VV&A
PDUs, and the Delivery Accuracy VV&A PDU’s.

3.3 Evaluation Plan

The mean and standard deviation of each group’s miss distances, lay errors,
total system errors, etc. will be calculated. The grand mean and overall standard
deviation will also be computed.

All the delivery accuracy statistics will be compared to the M1A2 technical test
results, analytical estimates and quasi-combat values. The gun-to-sight offset will be
compared to the fire control sensor inputs and manual inputs.
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AMXSY-CD
STUDY GIST

SUBJECT: Technical Report Number: 570, Anti-Armor Advanced Technology
Demonstration (A2 ATD) Verification, Validation and Accreditation (VV&A) Tools for
Simulators.

PRINCIPAL FINDINGS: See Objectives below.

MAIN ASSUMPTIONS: Prior to the execution of the Anti-Armor Advanced
Technology Demonstration (A2 ATD) Distributed Interactive Simulation (DIS)
Experiments all the individual models/elements of the DIS Experiment must first be
verified, validated and accredited (VV&A). The simulators and Modular Semi-
automated Force (MODSAF) need to be VV&A'd before the experiment. Additionally
the entire Experiment needs to be VV&A’d.

PRINCIPLE LIMITATIONS/SCOPE OF EFFORT: The VV&A tools contained in this
report are based on the M1A2 simulator. However, these tools are sufficiently general
that they transfer/adapt well to other weapon systems/simulators. For example,
nearly all weapon systems/simulators require a gunner to detect, recognize and
identify targets; therefore, the M1A2 simulator VV&A methodology and tools
developed to capture target acquisition capabilities are transferable.

OBJECTIVES: The Anti-armor Advanced Technology Demonstration is a series of
Battlefield Distributed Simulation - Developmental (BDS-D) experiments focusing on
A2 weapon systems evaluations. A2 ATD Experiments consist of a combination of
one or more simulators coupled with MODSAF. Each combination requires VV&A of:
individual simulators, MODSAF and the entire BDS-D simulation. Under the A2 ATD
program, methodologies and tools have been designed and developed to assist in the
VV&A process of individual simulators, MODSAF and the BDS-D simulation. This
report outlines and describes the VV&A methodologies and tools developed and
demonstrated for an individual simulator.

BASIC APPROACH: Since the purpose of A2 ATD centers on weapon systems
evaluations, then the VV&A tools are also geared toward that end. The tools are:

1.) VV&A Test Tool for target acquisition tests;

2.) VV&A Protocol Data Units for target acquisition, tracking, delivery
accuracy, direct fire vulnerability, indirect fire vulnerability, Smart Target Acquisition
Fire and Forget (STAFF) round, coax machinegun;

3.) Delivery Accuracy Logger Files for test scenarios;

4.) DIS Analytical Tools to format and output resuits;




5.) Simulation Manager for setting certain data items in the simulator (e.g. fuel
quantity).

In the future, the VV&A tools will continue to evolve and mature. Additionally other
tools will be developed to streamline the VV&A process.

REASON FOR PERFORMING THE STUDY OR ANALYSIS: Historically, the analytical
- community has used constructive models such as Janus and CASTFOREM to conduct
analysis for the acquisition process. These types of models do not fully represent the
impacts of human interaction with the system and the human influence on combat
effectiveness of the system. The Training and the Research and Development
communities have used real time man-in-the-loop DIS for several years. However, the
full potential of DIS as an evaluation tool to support materiel acquisition decisions has
not been realized; A2 ATD will explore the use of DIS as an evaluation tool. As one
feeder into the use of DIS as an evaluation tool, each simulator participating in the

experiment must be VV&A'd.

IMPACT OF THE STUDY/PLAN: The A2 ATD VV&A Tools for Simulators provides a
blueprint for use in methodology, data collection and analysis to support simulator
VV&A. These activities provide "credible" simulator responses/results and therefore
provide the overall experiment with "credible” outcomes.

SPONSOR: This effort is sponsored by the Headquarters, Department of the Army,
Assistant Secretary of the Army for Research, Development and Acquisition.

PRINCIPLE INVESTIGATOR: Irene Johnson, Combat Integration Division, AMSAA.

NAME/ADDRESS/PHONE NUMBER WHERE COMMENTS AND QUESTIONS CAN BE
SENT: Director, AMSAA, ATTN: AMXSY-CD (Irene Johnson), Aberdeen Proving
Ground, MD 21005-5071 (DSN 298-6608 or 410-278-6608).

DEFENSE TECHNICAL INFORMATION CENTER (DTIC) ACCESSION NUMBER OF
FINAL REPORT: Report available by contacting AMSAA'’s Reports Processing Center,

DSN 298-5676.

OTHER THAN THE SPONSOR, WHO COULD BENEFIT FROM THIS STUDY
INFORMATION ? Other DoD personnel and their contractors involved in ‘the
acquisition process, DIS experiments, simulators, computer generated forces, and/or
VV&A of DIS.



